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© Test devices with reagent layers formed by printing processes. 



® A test device for carrying out a microchemical 
test, comprises a centner for contacting a reaction 
liquid during performance of said test, said container 
having deposited on a surface thereof which in use 
Is to contact said reaction liquid, an adherent layer 
appiied^in an amount In the range 1 to 40 mg/sq cm 
^comprising a chemically or electrochemically active 
material which has been deposited in the form of a 
1^ composition comprising solid particles having a par- 
PJticle size in the range 0.5 to 25, e.g. 1 to 20, 
microns, together with a polymeric iDinder. A cor- 
responding printable composition for printing a layer 
^of a chemically or electrochemically active material 
on to a surface of a substrate to form such a device 
^comprises (a) a chemically or electrochemically ac- 
CLtive substance to be deposited, dissolved in (b) a 
UJ(e.g. aqueous) solvent for said substance (a), (c) a 
polymeric binder or thickener dissolved or dispersed 
in solvent (b), (c) from 1 to 15 percent by weight of a 



dispersed finely-divided inert particulate material 
with a particle size In the range 1 to 50 microns, and 
has a viscosity in the range 1 to 250 poise at 25 
deg.C. 
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Materials for MIcrochemicai Testing 



This invention relates materials for microchem* 
ical testing, and to their preparation and use, and 
especially to test devices containing reagent layers 
which have been formed by printing processes. 
Thus the invention relates especially for example to 
processes for printing materials wiiich are to fomi 
functional or reactive portions of devices such as 
carriers of chemical reagents or electrical and elec- 
trochemical devices and components. The inven- 
tion also relates to certain printable compositions 
which can be used in such processes and the 
devices produced by the processes. 

Screen-printing and contact printing are well 
known In themselves, as are many compositions of 
ink and coatings to be applied by their use. It is 
also common for printing inks to contain particulate 
material, &.g. as in EP 0 202 656 (Canon KK). 

EP 0 171 146 and 0 170 375 (Unilever) de- 
scribe the construction of capillary-fill devices, in- 
cluding the deposition of adhesive patches contain- 
ing soHcf pardcufate or fibrous material to regulate 
the spacing apart of opposite walls of the devices. 

EP 0 188 232 (Nippon Paint KK) discloses 
radiation-curable Hquid resfn compositions incor- 
porating 0.01-6 micron polymer microparticles. and 
adsa mentlorYS a use of such materials for Im- 
mobiiising enzymes. 

GB 2 040 946 (STG) dscfoses inks for screen 
printing electrical components, based on phenol 
resins, and loaded with silver flake or powdered 
silica. 

Also included in the prior art are a number of 
enzyme electrode measurement methods, in one of 
which" an enzyme (urease) is chemically bound to a 
ptfe membrane which is an integral part of an 
ammonia gas membrane electrode Incorporating an 
ammonia permeable membrane, (e.g. M Mascini 
and C G Guilbault AnaT Chem. 49 (6) 1977. pp 
79^798). 

Also knowri are electrochemical cells mounted 
wrthin capillary-fill devices, as described in Eu- 
ropean Patent Application No. 0 170 135 (Unilever). 

We have encountered difficulties in the for- 
mulation of materials which are to be printed in a 
pattern-wise manner and which are to have chemi- 
cal reactivity or defined chemical or electrochemi- 
cal properties. This Invention alms to solve certain 
such difficulties. 

Thus, an aim of the invention is to provide 
conveniently printable compositions for the placing 
of small active areas of layers of desired reagents 
in chemical test devices, e.g. for immunological 
and/or electrochemical testing. The details of such 
tests in themselves are not however the subject of 
tiie present invention, and reference is made to the 



prior art for such details. 

The present invention also provides useful pro- 
cesses for coating reactive materials on to or to 
form such electrodes, or on to or to form compos- 
5 ite test devices embodying electrodes, and relates 
also to the con^esponding compositions, electrodes 
and devices so fomned. 

According to one aspect of the present inven- 
tion, we provide a process for printing a chemically 
TO or electrochemically active material on to a surface, 
wherein said material is a flowable material, and 
wherein suspensible hydrophobic or hydrophilic 
particles are Incorporated into the material before 
printing. 

75 By tiie invention there is also provided a test 
device for carrying out a microchemical test, com- 
prising 3 container for contacting a reaction liquid 
during performance of said test, said container 
having deposited on a surface thereof which in use 

20 is to contact said reaction liquid, an adherent layer 
applied In an amount in the range 1 to 40 mg/sq 
cm comprising a chemically or^ electrochemically 
active material which has been deposited In the 
form of a composition comprising solid particles 

25 having a particle size in tiie range 0.5 to 25. 6.g. 1 
to 20, microns, together with a polymeric binder. 

The particles can comprise inert particles, e.g. 
ptfe or silica gel, and can be dispersed in a matrix 
comprising said active material and a polymeric 

30 binder, e.g. a water-soluble cellulose derivative. 
Alternatively, said active material can be used In 
solid finely-divided form, and dispersed In such a 
polymeric binder. 

A process according to the invention, for manu- 

35 facturing such a test device, comprises printing a 
layer of a chemically or electrochemically active 
material on to a surface of a substrate which is to 
form an inner surface of a container for carrying 
out a microchemical test said process also com- 

40 prising: (a) providing a printable composition com- 
prising said chemically or electrochemically active 
material, together with suspensible hydrophobic or 
hydrophilic particles having a particle size in the 
range 0.5 to 25 microns, (b) printing said printable 

45 composition containing said particles on to said 
substrate to form a layer on said surface, and (c) 
causing said layer to dry or solidify. 

In the process, said chemically or electro- 
chemically active material can be water-soluble, 

so e.g. selected from enzymes, antigens, antibodies, 
electron transfer agents able to react with en- 
zymes, or pH buffer materials. Alternatively, the 
active material may be water-insoluble, e.g. an ion- 
selective ionophore material. 

Particle size can usefully be in the range from 
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at least about 3 micron to at least about 15 micron, 
and the particles can be selected from ptfe. siiica- 
gel. polystyrene, polymer latex, and comminuted 
solids comprising the chemically or electrochemi- 
cally active material to be deposited. The particles 
can be used in an amount from at least about 1 
percent to at least about 60 percent, e.g. about 5 to 
about 15 percent, by weight of the printable com- 
position. 

The invention con-espondingly provides a print- 
able composition for printing a layer of a chemi- 
cally or electrochemlcaily active material on to a 
surface of a substrate to form a device as de- 
scribed herein, comprising (a) a chemically or elec- 
trochemically active substance to be deposited, 
dissolved In (b) a (e.g. aqueous) solvent for said 
substance (a), (c) a polymeric Ijinder or thickener 
dissolved or dispersed in solvent (b), (c) from 1 to 
t5 percent by weight of a dispersed finely-divided 
Inert particulate material with a particle size in the 
range 1 to 50 microns, said composition having a 
viscosity in the range 1 to 250 poise at 25 deg.C. 

An alternative form of particulate composition 
comprises (a) a polymeric binder or thickener dis- 
solved or dispersed in a (e.g. nonaqueous) solvent, 
having dispersed therein (b) from 5 to 60 percent 
by weight of a chemically or electrochemically ac- 
tive (e.g. water-soluble or water-dispersible) sub- 
stance to be deposited, in finely-divided solid par- 
ticulate form having a particulate size less than 20 
micron, preferably less than 10 micron, said com- 
position having a viscosity in the range 1 to 250 
poise, preferably at least about 150 poise, at 25 
deg.C. 

The printable composition can usefully show 
shear-thinning of at least about 0.1 log viscosity 
per tenfold increase of shear rate in the range of 
shear rates about 10 to 100 reciprocal seconds, 
and has a viscosity at 200 reciprocal seconds at 25 
deg.C. in the range 1 to 35 poise. 

The prefenr^ printing techniques for use in 
this invention are screen-printing and variants 
thereof Including contact printing e.g. using sten- 
cils. Layers of printable composition can be laid 
down at thicknesses ranging up to about 400 mi- 
cron, and give dried layers at up to about 40 mg/sq 
cm, but It is often preferred to work at about a 
tenth of these levels, e.g, in the range of at least 
about 1 to at least about 1 0 mg/sq cm. 

The particles can for example be about 0.05 
micron to 25 micron in size, e.g. above about 0.5 
micron, especially about 3 to 15 micron. We have 
found that the incorporation of such particles can 
usefully increase viscosity at low shear, and/or im- 
part or enhance shear-thinning properties In the 
materials to be printed, and/or reduce extensional 
viscosity of the materials to be printed. 

Corresponding advantages can be achieved in 



accordance with examples of certain aspects of the 
invention by incorporating hydrophilic particles into 
hydrophilic flowable materials, and hydrophobic 
particles into hydrophobic flowable materials. 
5 For example, ptfe particles (from BDH Labora- 
tory Chemicals) of about 5 micron in size can be 
used, as can silica gel particles (same source) 
about 15 micron in size. The particles can for 
example be roughly spherical, or they can be po- 
10 rous in themselves. Also usable are for example 
polystyrene and other polymer latices. either 
chemically modified or unmodified, preferably un- 
charged, but possibly charged. 

Such particles can usefully be incorporated in: 
75 (i) Materials to be printed to form mem- 

branes, e.g. electroactive membranes, such as 
chemically selective membranes, e.g. ion-selective 
membranes to overcoat electrochemical electrodes. 
Suitable compositions for such membranes include 
20 for example compositions based on pvc including 
ionophore, plasticiser. and optionally solvent. 

(ii) Materials to be printed to form reagent 
layers, releasable or otherwise, e.g. compositions 
such as aqueous compositions including salts, ox- 
25 idants. reductants, enzymes, and/or enzyme sub- 
strates, optionally including thickeners, (e.g. poly- 
vinyl alcohol or polyvinylpynrolidone) and/or 
humectants (e.g, saccharides such as glucose, su- 
crose, lactose or maltose). 
30 (ill) Materials to be printed to form structural 

components of printed devices, e.g. glue tracks or 
spacer tracks, partitions or barriers. 

The particles may include conductive particles, 
e.g. in connection with materials to form ion-selec- 
35 tive membranes. 

The invention includes for example applying 
such materials on printed layers in succession, 
optionally allowing for intermediate drying and/or 
curing: e.g. the formation of overiayers. such as for 
40 example porous membranes such as cellulose ace- 
tate membranes overiying a layer of another ma- 
terial such as an ion-selective membrane or a 
water-soluble layer capable of releasing its content 
into contacting aqueous liquid. Such overiayers 
45 may be useful to control diffusion or access or exit 
of materials to or from the underlying layer or 
device component. 

The quantity of particles can be chosen and 
adjusted to suit the viscosity requirements. For 
50 example. 20-40% v/v of ptfe particles 3-15 micron 
can be used in pvc membrane printing composi- 
tions. Lower amounts may be needed of smaller 
particles, and higher amounts of larger particles. 
The particles will often be sufficientiy dilute in the 
56 printing compositions tiiat they are out of direct 
contact with each otiier in the resulting dried and/or 
cured layers, e.g. out of electrical contact where 
conductive particles are used. 
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The surfaces to be printed may be flat or 
curved. The printing process may be a screen- 
printing process involving a mesh and squeegee, 
or for example a contact (or offset) roller-printing 
process in which there may be used an apertured 
mask, or any other suitable printing process for 
depositing a pattern of detail upon a substrate. 
Particle size Is related to size of mesh (where 
used) so that the particles easily pass through - 
e.g. particle size may be less than half the mash 
aperture size. 

The printing compositons are preferably de- 
gassed in normal and known manner before use, 
and if necessary and appropriate the particles dis- 
aggregated before use, e.g. by stirring. 

A suitable initial viscosity (i.e. at low shear 
rates) for the compositions is for example in the 
range of about t to about 250 poise. e.g. at least 
about t50 poise, and preferably of the order of 
about 20,000 cps. Le. 200 poise, when measured in 
a Brookfield RVT viscometer, sprndle 6, at 20 rpm, 
and 25 deg. C. 

It is quite common to find that the viscosity of 
binders in usual nonaqueous systems is higher 
than in< the aqueous case. It is useful to try and use 
aa high a proportion, of solids as possible in the 
(usually) nonaqueous composlfians in which the 
reagents form all or part of the particulate materi- 
als, as in that case the parti(^ates comprise the 
active- substances.. In the^ (usually) aqueous sys- 
tems^ comprising inert particles we try and use as 
little as possible of the particles which are only 
Inert materials. TO - t5% w/w or in some cases as 
low as about 1% has often been found an adequate 
particle content for the latter systems, while particle 
contents of up to about 60% can b^ usable in tiie 
former systems. 

Preferably the compositions also show appre- 
ciable shear-thinning to a viscosity irr the range of 
about t to 35 poise at a shear rate of 100 recipro- 
cal seconds, preferably a£ least about 20 poise, 
e.g. about 30 poise. 

In" practice it h^ been found that many suit- 
able examples of the compositions show a shear- 
tiiinning at a rate con-esponding to a reduction of at 
least about 0.1 in log viscosity (base 10) per ten- 
fold Increase in shear rate witiiin a range of shear 
rates from about 10 to about 100 reciprocal sec- 
onds, and up to O-O* log viscosity antts, preferably 
in the range 0.3 to 0.6 log viscosity though in 
certain cases it may not be practicable to fonnulate 
for shear-thinnfng rates as much as these. 

In practice, it has been found tiiat many of the 
screen-printing compositions according to the in- 
vention are of suitable properties for printing when 
ttie directions given herein are followed and they 
have had a consistency like tiiat of mustard or a 
mayonnaise saucei 



It is sometimes found that uniformity of the 
dried printed layers can be improved by including 
a small amount of surfactant in the printing com- 
position, e.g. of the order of about 0.1%, e.g. a 
5 neutral tween (trade mark) surfactant 

Illustrative embodiments of this invention are 
given In and by the following examples. 



ro Example 1 

One form of printing composition can be made 
by the following steps: 

(a) dissolve tiie reagent(s) to be deposited in 
75 a chosen solvent, e.g. water or other aqueous sol- 
vent such as a buffer suitable for a biochemical 
reagent to be haindled; 

(b) add a polymer binder, such as for exam- 
ple polyvinylpynolidone (pvp). polyvinylalcohol 

20 (pva). and/or sodium carboxymethVlcellulose 
(seme); 

(c) add fine inert particle material, e.g. in an 
amount in the range of about 1 to 15% by weight 
of the final composition. 

25 In each case the ingredients should be thor- 
oughly mixed, e.g. in a ball mill or cavitation mixer. 

Preferred conditions for making compositions 
of this form are as follows: 

30 A preferred polymer binder is a mixture of pvp 
30% and pva 5% (both on w/v basis as a propor- 
tion of the liquid part of the final composition). 

A preferred type of particles for tiiickening tiie 
35 composition is silica gel particles of average par- 
ticle size about 15 microns, 5 to 15%, e.g. 10%. by 
weight of the final composition. An alternative ex- 
ample of particles for thickening purposes is 
Aerosil 200 from Degussa, average particle size 1/4 
40 micron chain-forming particles, which can be used 
in quantity such as 1 to 3% by weight. 



Example 2 

45 

A second form of printing composition can be 
made as follows: 

(a) take the reagent(s) to be deposited in 
solid form and comminute tiiem, e.g. by grinding in 

so a ball mili; 

(b) disperse the comminuted reagent par- 
ticles in a polymer solution. 

A preferred example formulation of a printing 
composition of this kind, suitable, for printing a 
55 reagent mixture essentially comprising glucose ox- 
idase enzyme and potassium femcyanide for the 
electi'ochemical measurement of glucose concen- 
trations is as follows: 
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Grind a mbcture of solids consisting of 64% potas- 
sium fenricyanide. 32% phosphate buffer salt for 
pH about Z, and 4% glucose oxidase enzyme, In a 
bail mill until nearly all the particles, are no more 
than 10 microns in size. It is often then found that 
the resulting mixture of particles are to the extent 
of about 90% within the size range 1 to 10 micron. 

To the ground solids (50 parts by weight) is added 
first 40 parts by weight of a mixture of cellulose 
acetate (thickener/binder) in cyclohexanone 
(solvent), and then 10 parts by weight of 
isophorone (slow evaporating solvent obtainable 
from Aldrich Chemical Co.). In each case the Ingre- 
dients should be thoroughly mixed, e-g. with a ball 
mill or cavitation mixer. 



Example 3 



lary flow. The cavity attracts and contains a definite 
and adequately reproducible volume of liquid when 
loaded in this way. 

Spaced-apart electrodes 3 and 4 are shown as 
5 layers fixed to the surface of wall 2 of the cell. 
Electrodes 3 and 4 can b© made according to the 
intended use of the device: in the present embodi- 
ment they are silver-silver halide electrodes (for 
potentlometry). most preferably silver-silver chlo- 
10 ride electrodes, made by applying and drying con- 
ductive paint onto the surface of wall 2. the con- 
ductive paint being a silver-particle-containing con- 
ductive paint as commercially available and used in 
the fabrication of hybrid electronic circuitry. In al- 
75 ternative embodiments for amperometric use the 
electrodes can usefully be for example noble-metal 
electrodes e.g. silver or gold, or carbon electrodes. 

In the device shown in Rgure 1 a membrane 
banier 5 less than 1 mm thick separates the two 
20 silver/silver chloride electrodes: this can be applied 
as a track of material comprising a mixture of pvc, 
solvent, plastlciser and ipnophore {e.g., valinomycin 
in the case of a potassium-selective membrane) to 
on© of the plates before the second plate is applied 
to fomn the capillary cell. The track of material can 
be applied for example by screen-printing, as can 
the other layers of materials to be deposited. A 
suitable example composition for the track of ma- 
terial is 1% valinomycin, 66% dioctyl sebacate and 
33% polyvinylchloride dissolved in tetrahydrofuran. 
e.g. at a concentration of about 0.08-0.1 gram of 
the mixture per ml of the solvent Particles can be 
added to improve the printing qualities of the com- 
position, e.g. inert particles as detailed below. 

A releasable layer 6 containing potassium ni- 
trate is coated on the wall of the capillary cell 
opposite one electrode. This coating is a releasable 
coating (e.g. a sucrose glaze) to be released into 
one compartment only and to dissolve in the sam- 
ple liquid to giv^ standard concentration of potas- 
sium ion when this is taken up into the capillary 
cell. 

In a preferred alternative, in place of sucrose, 
polyvinylpyn'olidone, (50% w/v) is. used as a carrier 
base in which to dissolve the salt which is to form 
a releasable layer. Also. 2% cellulose acetate dis- 
solved in cyclohexanone, is preferably sprayed 
lightly over the releasable coating to form when dry 
an additional thin surface layer which acts to retard 
the release of salt when the cell Is filled. The 
salt/pvp layer dries quickly in atmospheric air after 
screen-printing, and the cellulose acetate is applied 
after it has dried. 

A presently preferred example of materials to 
prepare an electrochemical analysis cell, according 
to one embodiment of the Invention, is as follows: 

A capiliary-fill cell Is made according to the 
general form shown In EP 0 225 061. with a pre- 



Rgure 1 of the accompanying drawings shows 
in diagrammatic cross-sectional scheme an exam- 
ple of an electrode-containing cafwllary cell device 
to illustrate one example of the environment within 25 
which reagent layer{s) can be deposited according 
to an embodiment of the invention. (See also EP 0 
225 061.) In Rgure 1. at numerals 1 and 2. there 
are shown opposite walls of the capillary cell. Other 
stnjcture is omitted from the diagrammatic drawing so 
apart ffom electrode(s) and reagent layer(s) and a 
partition which for certain uses will be omitted. 
Such other structure can include e.g. further cir- 
cumferential sealing materials, handling pieces, 
sample intake lip. and intake aperture(s). The capil- 35 
lary gap can conveniently be of the order of 0.1-1 
mm. 

The capillary cell device is of a size to be 
handled easily, e.g. about 5cm ^ 2.5cm. Alternative 
examples can be smaller, e.g. 2cm ^ 1cm. The 40 
device comprises an upper (e.g. plastics, glass, or 
ceramic) plate and a lower (e.g. similar) plate 
(about 1mm thick) fixed together in parallel op- 
posed and spaced relation, less than 1mm apart, 
by bonding tracks of suitable (e.g. epoxy) adhesive 4s 
to form a capillary cell cavity, open at one or both 
ends, which communicates with the outside 
through a first discontinuity in the bonding ar- 
ranged to form a cell aperture at one side of the 
plates. Another discontinuity can be present at the so 
other end of the bonding tracks, to leave another 
aperture, to allow exit or air when a sample liquid is 
loaded into the cell. One plate is larger than the 
other plate and has an end portion extending away 
from the aperture. This end portion acts as a plat- 55 
fonn or threshold or lip onto which a droplet of 
sample liquid can be applied, so that this liquid can 
be made to fill the capillary cell cavities by capll- 
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ferred composition as folFows to be used for the 
track of material to be screen-printed onto one of 
its. internal surfaces to provide an electroactive 
barrier. 

(a) In the case of a potassium-sensitive ceil 
a screen-printing composition is preferably made 
as follows: 

Mix 44.5g dioctyi phthalate. 5.5g pvc of m.w. 
TOO.OOO, 12.5g cyclohexanone. together, and heat 
to dissolve the pvc, to give a solution. To this is 
added a solution containing : 0.5g vaiinornycfn (in 
the case of a potassium-sensit've electrode) dis- 
solved in 2.5 ml of tetrahydrofuran. (containing 5 
mgra of potassium tetrakls-parachlorophenyl bo- 
rate) at a temperature below 50 deg G. with stim'ng. 
To the mixture is added: t2.5g of 5-micron ptfe 
particles (from BOK) (slowly while stining vigor- 
ously)- 

This^ composition can be used lor screen-printing 
an ion-sensitive membrane. 

(b) In the case of a sodium-sensitive cell, the 
composition Is preferably varied as follows: 

IWdnensirt (ionophore for making sodium-sensitive 
mOTbranes) Is used instead of vaiinomycin in a 1- 
g-anr amount, and with proportionately more THF 
to produce a solution which is tiien used in place of 
the valinomydn solution. 

Among the practicable variations is the use of 
other kinds of small particles (e.g. about 20% silica 
gel particles by weight based on the weight of the 
whole composition, t5 microns in size as obtained 
firom BDH Laboratory Chemicals), optionally togeth- 
er with a thickener such as pvp, as part of the 
aqueous-based compositions to be used for print* 
ing patchwise releasable recent layers and hydro- 
philic (e.g. cellulose acetate) membrane 4ayers, 

&cample 4 

(In this and the following examples, phosphate 
buffer means a substantially equimoiar mixture of 
potassium hydrogen phosphate and dipotassium 
hydrogen phosphate, adjusted to give a pH of 7 
when at approximately 1M concentration.) 

A printing composition for screen-printing a 
layer of reagent material for a cell to measure 
glucose and sucrose electrochemlcally 
(amperometry etc of ferrocyanide produced by ac- 
tion of glucose oxidase on glucose, possibly liber- 
ated by invertase) is as follows: 

Solids: 25.8% potassium ferricyanide. 13.3% phos- 
phate buffer, 1.7% glucose oxidase. 0.8% inver- 
tase. and liquids: 41 .7% of a solution of etiiylcel- 



lulose (5%) in cyclohexanone. and 16.7% of a 
solution of cellulose acetate (10%) in cyclohex- 
anone. 

The solids were comminuted together In a ball 
6 mill as described elsewhere herein, then suspend- 
ed in the liquids and screen-printed to give a 
. density of about 3 mg/sq cm of tiie dried layer 
materiaL 

The composition of the final coating after dry- 
70 ing Is: 

Potassium fem'cyanlde - 57.7% phosphate buffer - 
2a8% 

glucose oxidase - 3.6% invertase - 1.8% 
75 etiiylceilutose - 4.5% cellulose acetate - 3.6% 



Example 5 

20 A printing composition for screen-printing a- 
layer of reagent material for a call to measure 
glucose electrochemlcally is as follows: 

Solids: 32.5% potassium- ferricyanide, 16.5% phos- 
25 phate buffer, 1% glucose oxidase, and liquid: 50% 
of a solution of cellulose acetate (10%) in 
cyclohexanone. 

The soiids were comminuted together in a ball 
mill as described elsewhere herein, tiien suspend- 
sa ed in the liquid and screen-printed to give a den- 
sity of about 3 mg/sq cm of tiie dried layer ma- 
terial. 

The composition of the final' coating after dry- 
ing is: 

35 

Potassium femcyanide - 59.1% phosphate buffer - 
30% 

glucose oxidase - 13% cellulose acetate - 9.1%. 

40 

Example 6 

A printing composition for screen-printing a 

layer of reagent material for a cell to include tiie 
45 function of a quinhydrohe pH electrode is as fol- 
lows: 

Solids: 58.8% sodium chloride, quirihydrone 2%. 
and liquid: 39.2% of a solution of cellulose acetate 

50 (10%) in cyclohexanone. 

The solids were comminuted together in a ball 
mill as described elsewhere herein, then suspend- 
ed in the liquid and screen-printed to give a den- 
sity of about 3 mg/sq cm of the dried layer ma- 

55 terial. 

The composition of the final coating after dry- 
ing Is: 
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sodium chloride - 91%; qu'rnhydrone - 3%; cel- 
lulose acetate - 6%. 

Variants of the present invention can be ap- 
plied to facilitate the construction of devices such 
as those shown in for exanriple EP 0 171 148, 0 
170 375. 0 186 286, and 0 225 061. and European 
Patent Application, 87306513.0 (International appli- 
cation GB/87/00526} the disclosures of all of which 
speclficallons are hereby incorporated by refer- 
ence. 

The several features and characteristics de- 
scribed herein, including those refen'ed to In the 
claims and illustrated in and by the drawings, are 
disclosed and can be used In all combinations, 
subcombinations ^d variations, as may be de- 
sired. 



Claims 

1. A test device for canning out a microchem- 
icat test, comprising a container for contacting a 
reaction liquid during performance of said test, said 
container having deposited on a surface thereof 
which In use is to contact said reaction liquid, an 
adherent layer applied in an amount in the range 1 
to 40 mg/sq cm' comprising a chemically or elec- 
trochemically active material which has been de- 
posited in the form of a composition comprising 
solid particles having a particle size In the range 
0.6 to 25, e.g. 1 to 20. microns, together with a 
polymeric binder. 

2. A test device according to claim 1, wherein 
said particles comprise Inert particles, e.g. ptfe or 
silica gel. and are dispersed in a matrix comprising 
said active material and a polymeric binder, e.g. a 
water-soluble cellulose derivative. 

3. A test device according to claim 1. wherein 
said particles comprise said active material in solid 
finely-divided fomn. and are dispersed in a poly- 
meric binder. e.g. a water-soluble cellulose deriva- 
tive. . 

4. A process for manufacturing a test device 
according to claim 1 , comprising printing a layer of 
a chemically or electrochemically active material 
on to a surface of a substrate which is to form an 
inner surface of a container for carrying out a 
microchemical test, said process also comprising: 

(a) providing a printable composition com- 
prising said chemically or electrochemically active 
material, together with' suspensible hydrophobic or 
hydrophllic particles having a particle size in the 
range 0.5 to 25 microns, 

(b) printing said printable composition con- 
taining said particles on to said substrate to form a 
layer on said surface, and 

(c) causing said layer to dry or solidify. 



5. A process according to claim 4, wherein said 
chemically or electrochemically active material is 
water-soluble, e.g. selected from enzymes, anti- 
gens, antibodies, electron transfer agents able to 

6 react with enzymes, or pH buffer materials. 

6. A process according to claim 4. wherein the 
active material is an ion-selective ionophore ma- 
terial. 

7. A process according to claim 4. wherein the 
70 particle size is in the range from atleast about 3 

micron to at least about 15 micron, and the par- 
ticles are selected from ptfe, silica-gel. polystyrene, 
polymer latex, and comminuted solids comprising 
the chemically or electrochemically active materia! 
75 to be deposited, in an amount from at least about 1 
percent to at least about 60 percent, e.g. about 5 to 
about 15 percent by weight of the printable com- 
position. 

8. A printable composition for printing a layer 
20 of a chemically or electrochemically active material 

on to a surface of a substrate to fomn a device 
according to claim 1, comprising 

(a) a chemically or electrochemically active 
substance to be deposited, dissolved in 
25 (b) a (e.g. aqueous) solvent for said sub- 

stance (a), 

(c) a polymeric binder or thickener dissolved 
or dispersed in solvent (b). 

(c) from 1 to 15 percent by weight of a 
00 dispersed finely-divided inert particulate material 
with a particle size in the range 1 to 50 microns, 

said composition having a viscosity in the range 1 
to 250 poise at 25 deg.C. 
35 9. A printable composition for printing a layer 
of a chemically or electrochemically active material 
on to a surface of a substrate to form a device 
according to claim 1. comprising 

(a) a polymeric binder or thickener dissolved 
40 or dispersed in a (e.g. nonaqueous) solvent having 

dispersed therein 

(b) from 5 to 60 percent by weight of a 
chemically or electrochemically active (e.g, water- 
soluble or water-dispersible) substance to be de- 

45 posited, in finely-divided solid particulate fonii hav- 
ing a particle size less than 20 micron, preferably 
less than 10 micron, 

said composition having a viscosity in the range 1 
50 to 250 poise, preferably at least about 150 poise, at 
25 deg.C. 

10. A printable composition according to claim 
8 or 9, wherein said composition shows shear- 
thinning of at least about 0.1 log viscosity per 
55 tenfold increase of shear rate in the range of shear 
rates about 10 to 100 reciprocal seconds, and has 
a viscosity at 200 reciprocal seconds at 25 deg.C. 
in the range 1 to 35 poise. 
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